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INTRODUCTION
To investigate how to layer Active Magnetic Regenerators
(AMR) using magnetocaloric materials with a First or Second
Order Phase Transition (FOPT or SOPT), the following points
are studied and discussed based on simulation:
1. Impact of the magnetic hysteresis of the FOPT materials
2. How many layers are needed for AMRs using the FOPT and
SOPT materials with different temperature spans
3. Sensitivity of AMR to the working temperature
4. How accurate should TCurie distribution be
MATERIALS WITH FOPT OR SOPT
La(Fe,Mn,Si)13Hy with FOPT
Large and sharp peak in ΔSm
Moderate ΔTad with sharp peak
Small hysteresis
Tunable Curie temperature
Relatively high thermal 
conductivity
Good stability
Multi-layer design
Gd-like material with SOPT
Moderate ΔSm
Moderate ΔTad
No hysteresis
Tunable Curie temperature
High thermal conductivity
Due to a rapidly decreasing isothermal entropy change ∆Sm
when the working temperature is away from the Curie tem-
perature TCurie, it is expected that more layers are needed for
AMRs using FOPT materials. At the same time, they may be
more sensitive to the working temperature and the Curie tem-
perature distribution.
Temperature [K]
270 280 290 300 310 320
Is
ot
he
rm
al
 e
nt
ro
py
 c
ha
ng
e 
-∆
S m
a
g 
[J/
(kg
K)
]
0
2
4
6
8
10
12
14
0.2 T
0.6 T
1.0 T
1.4 T
La(Fe,Mn,Si)13Hy
Gd
Figure 1: Isothermal entropy change of La(Fe,Mn,Si)13Hyand Gd [1,2]
MODEL OF ACTIVE MAGNETIC REGENERATOR
(a) Adiabatic magnetization (b) Cold-to-hot blow
(c) Adiabatic demagnetization (d) Hot-to-cold blow
B
Ts ↑
Tf =TC
B
Tf >TH
Ts ↓
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Tf <TCTf =TH
Ts ↑
Figure 2: Active magnetic regeneration cycle
Considering the irreversibility of magnetic hysteresis, the gov-
erning equations for modeling the AMR are [2-4]:
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By solving the discretized equations, the temperature gradient
can be calculated after each time step given an initial condition,
and the model will output the results after reaching the steady
state within a numerical tolerance.
Table 1: Modeling param-
eters
Item Value
Bmax 1.4 Tesla
f 2 Hz
Nbed 12
Dsphere 0.3 mm
εbed 0.36
Lreg 50 mm
Areg 625 mm
2
∆T 5 - 35 K
Nlayer 1-40
ρLFMSH 6900 kg/m
3
λLFMSH 8 W/(mK)
ρGd 7900 kg/m
3
λGd 11 W/(mK)
Figure 3: Applied magnetic field and
nominal mass flow rate
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IMPACT OF MAGNETIC HYSTERESIS
Fig. 4 illustrates the performance of a six-layer AMR using
La(Fe,Mn,Si)13Hywith and without magnetic hysteresis. The
effect of the magnetic hysteresis on cycle performance becomes
less significant at large mass flow rates because the hysteretic
losses become small relative to the pump work.
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Figure 4: Performance of a six-layer La(Fe,Mn,Si)13HyAMR with and
without the magnetic hysteresis
IMPACT OF LAYER NUMBER
Temperature span [K]
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Figure 5: Specific cooling power of AMRs using materials with FOPT
or SOPT
For AMRs using FOPT materials, more layers are needed to
approach the theoretical maximum cooling power. However,
when the temperature span is lower than 30 K it is preferable
to use the FOPTmaterials for obtaining a higher cooling power.
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Figure 6: Nominal cooling power as a function of number of layers
for AMRs using materials with FOPT or SOPT
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Figure 7: 90% of theoretical maximum cooling power and correspond-
ing number of layers for AMRs using materials with FOPT or SOPT
To realize 90% of the theoretical cooling power, 3 layers / 10
K temperature span are needed for the FOPT materials, while
only 1 or 2 layers are necessary for the Gd-like layered regen-
erator. Higher specific cooling power can be obtained with the
multi-layer regenerator using the FOPT materials.
IMPACT OF WORKING TEMPERATURE
AMRs using FOPT materials are more sensitive to the work-
ing temperature than the SOPT materials, although the peak
cooling power is higher.
Hot end temperature [K]
296 298 300 302 304 306 308
Sp
ec
ific
 c
oo
lin
g 
po
we
r [W
/kg
]
100
200
300
400
500
600
700
4-layer LFMSH AMR
6-layer LFMSH AMR
8-layer LFMSH AMR
10-layer LFMSH AMR
1-layer Gd like AMR
2-layer Gd like AMR
4-layer Gd like AMR
8-layer Gd like AMR
Temperature [K]
280 300
Is
ot
he
rm
al
 e
nt
ro
py
 c
ha
ng
e 
[J/
kg
K]
0
2
4
6
8
10
12
14
16
Working temperature
Figure 8: Impact of working temperature on the performance of the
multi-layer AMRs using the FOPT and SOPT materials
IMPACT OF CURIE TEMPERATURE DISTRIBUTION
There will always be some manufacturing variation in the
Curie temperature TCurie for the materials studied here, mean-
ing the even TCurie arrangement is difficult to achieve. This
effect in the layered regenerators is quantified here.
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Figure 9: Impact of standard deviation σ of∆TCurie,n on specific cool-
ing power when∆TCurie,n follows a normal distribution. For each σ,
200 AMRs with randomly generated TCurie,n are simulated. The cen-
tral mark of the 25-75 % box is the median value of cooling power and
the edges represent the 25th and 75th percentiles.
TCurie,n = TC +
2n− 1
2n
∆T +∆TCurie,n (3)
The performance of the AMR using the FOPT materials is sen-
sitive to the standard deviation of ∆TCurie,n. An 8-layer AMR
is less sensitive than a 4-layer design with the FOPT materials.
Although the performance of the AMR using the SOPT ma-
terials is lower, the performance can be hold even with large
deviation in the Curie temperature distribution.
CONCLUSIONS
1. The effect of the magnetic hysteresis on cycle perfor-
mance is significant at small mass flow rate amplitudes.
2. More layers are needed for AMRs using the FOPT ma-
terials to obtain the theoretical maximum performance.
The FOPT materials are preferable for obtaining higher
specific cooling power when∆T < 30 K.
3. To realize 90% of the theoretical cooling power, 3 layers /
10 K temperature span is needed for the AMR using the
FOPT materials.
4. AMRs using the FOPT materials are more sensitive to the
working temperature than the SOPT materials, although
the peak performance is higher.
5. AMRs using the FOPT materials are sensitive to the stan-
dard deviation of the Curie temperature deviation, and
using more layers could reduce the risk.
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